WO 2004/110512 

A Method for Cell Implantation 



l 



PCT/DK2004/000408 



10 



15 



Field of the invention 

The present invention relates to a method for cell implantation or transplantation involving 
5 the use of an arthroscope or an endoscope. The method enables arthroscopic and/or 
endoscopic implantation of cells and is an easy, safe and cheap method. 

Background of the invention 

Mats Brittberg et al. have shown that a fibrin adhesive such as Tisseel® with, or without 
Growth hormone does not have a chondrogenic effect on immature chondrocytes, and it is 
herefore not suitable as a scaffold to promote repair of chondral or osteochondra. defects 
(Bnttberg, M, Sjbgren-Jansson, Lindahl, A, Peterson, L, The influence of fibrin sealant on 
Osteochondra. Defect Repair in the Rabbit Knee, from Mats Brittberg's Thesis, Cartilage 
Repa.r. On cartilaginous tissue engineering with the emphasis on chondrocyte 
transplantation, Dep. Of Orthopedics, Institute of Surgical Sciences and Dep. Of Clinical 
Chem.stry, Institute of Laboratory Medicine, Goteborg University, Sweden, 1 996). 

Lazovic and Messner (Lazovic, D, et a.., Acta Ortop. Scand, 1993,64:583-586) examined 
the use of the fibrin adhesive (Tisseel®) in an attempt to improve the healing of transected 
antenor cruciate ligament in dogs, and found that ligaments, which were repaired using 
the adhesive, showed low range development of collagen versus simply suturing the 
hgament. which actually resulted in much higher content of collagen. They postulated that 
fibnn adhesive chemically enhanced cell proliferation, but the repair tissue formed was of 
.nferior quality. In Brittberg et al's experiments using Tisseel® for the repair of 
osteochondral defects in rabbits, they found that there was less repair tissue in the 
T,ssee.® group, but the repair tissue was of the same fibrous-fibrocarti.aginous quality 
regardless of whether Tisseel® was used or not used. They concluded that Tisseel® did 
no .mprove the repair of osteochondra. defect, whereas auto.ogous or homologous fibrin 
dots used as support appeared to show beneficial effect sufficient to merit further /„ vivo 
3U exams. 
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Further, Brittberg et al. found that experiments where chondrocytes were used together 
with Tisseel® did not exhibit any toxic reaction, but the chondrocytes were only growing 
on the surface of the Tisseel® clot indicating that Tisseel® could be used as a barrier 
such as for instance sealing the periphery of a cover such as for instance a periosteal 
graft as used in ACI. However experiments including homologous fibrin clots showed full 



CONFIRMATION COPY 



W ° 2004/110512 PCT/DK2004/000408 

2 

in-growth of both rabbit and human chondrocytes, thus indicating that this type of clot 
showed a "scaffold-conductive" effect on the cells. 

In experiments with Tisseel® plus injection of growth hormone (GH) it did not reinforce 
5 any scaffolding effect, but would rather serve as a hemostatic barrier, whereas 

homologous (and autologous) fibrin appeared to promote infiltration of and growth of 
chondrocytes into the fibrin clot, thus indicating that this type of fibrin may be exhibiting a 
scaffolding effect. It is therefore possible that homologous (or autologous) fibrin may 
exhibit a growth promoting effect on chondrocytes and an increased migration into the 
10 fibrin. 

The development of a suitable arthroscopic method for chondrocyte implantation and 
more specifically, autologous chondrocyte implantation, as well as for cell implantation 
methods - besides for the repair of chondral lesions - theoretically to be used for the 

1 5 repair of osteochondritis, osteoarthritis, also called osteoarthrosis, and chondromalacia of 
patella, etc. would significantly bring the cost down, when compared to ACI (Autologous 
Chondrocyte Implantation) also by some authors called ACT (Autologous Chondrocyte 
Transplantation) performed during open knee surgery. Next, chondrocyte implantation 
and other cell implantations would render the ACI technology as well as other cell 

20 implantation technologies in the orthopedic field, more accessible in - besides knee joints 
other joints. Further, virtually any orthopedic clinics that performs arthroscopic 
interventions, would gain access to using the ACI technology, and thereby more patients 
would be able to be treated with ACI in the repair of their cartilage defects (and later, 
when cell implantation for other orthopedic diseases becomes available, these techniques 

25 would also be subjected to development of arthroscopic guided treatment. 

Accordingly, there is a need for developing an arthroscopic method in order to enable a 
fuller utilization of the cell implantation technology in the field of orthopedic surgery. 

30 Methods using scaffold technologies of various forms, where the scaffold (with, or without 
cells grown in the scaffold) is inserted into the defect, have suffered from difficulties in 
performing the cell implantation procedure solely guided by arthroscopy. 

Detailed disclosure of the invention 

35 The objective of the invention is to provide an arthroscopic ACI treatment method of 
articular cartilage, bone defects or combination of cartilage and bone (osteoarthritis) in 
various joints in the human body or in animals. The method provides a technique wherein 
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a cel. suspension is applied through a porta, ("keyhoie") into the articu.ar joint, ieading to 
segmentation of cultured cells and adhesion of ce.is to subchondra. bone and/or carti.age 
The present .nvention therefore relates to an endoscopic method for treating carti.age or ' 
bone defects in a subject, said method comprising the steps of: 

i) identifying the position of the defect, 
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ii) applying ce..s selected from the group consisting of chondrocytes, chondrob.asts 
osteocytes and osteob.asts and combinations thereof into the cartilage or bone defect. 

When an arthroscope is used to identify the position of the defect in step i), and used to 
gurte the injection of cu.tured autologous or homobgous cells in step ii), the method is 
called Arthroscopic ACI. 



15 In the context of the present application and Invention the following definitions apply: 

^toscopfc AatCogous Ce// lmplaMaUon (arthmscoplc ACI) i8 a mM ^ 
treabng ca ^ age or bone defects, whereby cultured ce,!s are implanted into a defect by a 
need e as for instance a "blunt" needle or a catheter. This implantation procadu re is 
20 visualized and guided by an arthroscope. 

A ^pension Is fenced when an insoluble component is dispersed in a solvent in mis 
parser invention, a suspension is fomted when the cells ,o be applied to the defect are 
m K ed with an aqueous medium. The suspension is then applied to the defect 
25 The tem, Wecf area" or Wee, cav/<y~ Is intended ,o mean injured articular cartilage, an 

caltT d T T d0WR * inVOMn9 *" b ° ne <«—**). -mbinaL of 
cartilage and bone defect, or bone which Is sun^unded by normal cartilage or bone. 

An endoscope is a device, which can be used to look a. the surface of bone or cartiiage 
30 ussue .thou. the need ,or open surgery (i.e. through a porta, In the sKIn of the sub^, 
An arthroscope ,s a particular type of endoscope, which Is used in the examination of 

joints. 

An a^mscopa according to the present invenUon is an insurant (a type of endoscope) 
35 which ,s inserted into a Join, for visual examination. A, arthroscope usuaiiy con-prC 

TS OP " CS ' 3 ' enS ^ ' " 9ht S0UrC6 ' and a "™**** '° <- -mined 

without open surgery. 
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The term "portaf te intended to mea „ . ^ 

T ^lT' age 7'^ " ""^ '° mea " 3 Pan ° f 3 ™™» -**r cartilage 
2^ has been expianted from a ma.™, by use of a sui teb ,e instant An exp,an, 

the knee, the explant may centaln cartilage tissue as well as bone tissue. 

in a specific embodiment, the present Invention meets the above-mentioned needs by 
proving a method for arthroscopic or endoscopic Implantation of homologous or 
autologous cells into a defect of an animal body, the method comprising 

» Q application of a fluid to a cavity or surface containing the defect via arthroscope or 

endoscope to locate area of defect to be repaired or target area for eel, transplantation 
a f PPl 7 0n ° f 018 «* '° lhe ««* substantially simultaneously with a supporting 

matenal, acAng as a binding scaffold, coagulating scaffold or geiating scaffold 

m) mrxing of the cells and the supporting material 
• iv, soMcaflon of me supporting mataria, so «ha«' fhe defect or the targe, area is covered 

by a mixture of cells and supporting material, and 

v) optionally, removal of the fluid from the cavity or surtace via drainage or suction. 

The fluid employed in step i, may be a liquid such as physiologically acceptable a sodium 

chlonde soiutron. Ringer's solution, a cel, culture medium, or the „ke or I, may be 

such as e.g steriie air comprising CO, in a concentration that Is compare L the "sue 

uZ?° N n <e ' 9 i, a * ° f " ° r9an « ^ an ' ma ' b ° dy; SUCh « ™1 a 

noT ' T- 3 C ° nCe * afon ° f CO *°' « * suitable, such fluids are 
normally used during arthroscopy and endoscopy and are we,, Known to a pereon skilled 
« the art n a specie embodiment of the invenflon the fluid is a liquid. The purpose T 
usrng Are fluid <e.g. flre liquid, „ to expend me defect in omerta enable vteuaZTn 
mereo by me arthroscope. Accordingly, ». fluid does no, flself contain me cells 1 ch are 
rmplanted ,n,o ,he defect Furthermo™, ,he fluid presen, in ,he defec, makes i, posTeT 
apply the ceiis b e,ow me upper surtace of ,he fluid (i.e. by leading me neete cleta 
down ,n,o me boflom of ,he defec, and injecflng ,he defec, in a manner ,ha, me in'ta 
gelaflng or coagulaflng hita me defec, direcfly, and in mis manner applied under me fluid 
Mereover. as described below, me fluid is a suitable medium for me mixing of the t! 
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required compositions, name,y i) the cell, e.g. in the torn, of a suspension of the celis and 
») the support materia, e.g. in the fom, o, a composi«on comprising the support materia 
As described be ow. the mixing o, the ceiis with the support materia, is inZant ,„Ter 

5 2 2 Z T, ** ce,ls in ,he de,60t ° nce applied ' * e ^ ~ - 

oe and 1 7 ' h ° m ~ S '*«' >*• *• support materia, soiidittes or 

gels and thereby maintains the cells in the support. 

in the present context the term "tissue" is used in a bmad sense to cover soft tissue 
(organs etc.) as well as hard tissue (bones, joints etc). 



autlon T 18 7 " 18 POSSibl ° *° ' he n " « «ous or 

otsl ^ 3 " ° f 3 *" 18 SUi,able f ° r 056 ** "P"*" •» *** ■» 
quest™, in me present context the term -homologous cells" is intended to mean that the 

ee ls am compare wtth the tissue to which they am applied. The term "autologous 2 ■ 

m 7T ^ 06,18 denVSd ^ SamS "*« * - «* - apPiiTin 

The !TT' d " °' Cn ° ndroCy,SS and '° r ° S,a0blaSte <OS ~» - «~ 
The cans apphed am normally presented in a suspension, i.e. the ce„s are suspended in a 

suable medtum such as. e.g., Dulbecco's Minima, Eagle M ed,um/ F ,2, DME,Il2 

20 a°ndTr ITT" SSmm <e ' 9 ' ^ ^ SSrUm ° r h ° m0lO9OUS OT -rum) 
20 and/or gmwth factum, and the time of application, mixed with the supporting materia, The 

cell suspension may be Kept together with me medium alone, and thereafter mbted ,T 

*e ngr^ente that win form an Co. from another injectten system; or the ce„ suspend 

no c,o 1 9e * 6r ^ " m ° re °' 818 ,n9redfe "' S ~ T. "hi* do" 

no, cot me celis ,n me chamber Itseif, bu, after being mixed wfth the ingredient,*, inducl 
25 the geia on or coagulation, comingfrom me other chamber of the Twin syringe 9 
m,»ng s arttng afterme two ohambets are connected for instance via a J- con eln to 
on angle connection, whom me gelaflng or coagulaflng process is initiated invoivingt 
cells and the .ngredtents. nameiy when passing thmugh ma faction needle or catheteT 

30 Z^~^^*~*<-«~-~«»to£L 
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Content in chamber 1 and chamber 2 of a Twin syringe (or in any other suitable kit for 
in a method according to the invention) 



use 



Combinations 



Range of 
ingredients in 
chamber 1 



Collagen 111 plus 
other short chain 
collagens 



Collagen 111: OS- 
20 ma/ml. and 
short chains: n &. 
20 mg/ml p lus 



Collagen HI p lus 
other short chain 
collagens 



Fibrinogen, any 
type or s pecies 
And in some cases 
aprotinin 



Collagen HI: 0.5 - 
20 mo/ml, anH . 
short chains: 0.5- 
20 mo/ml pins 



Fibrooen: 1 -90 
mg/ml 



Fibrinogen, any 
type or sp ecies 
And in some cases 
aprotinin 



Fibrooen: 1 - ?n 
mg/ml 



Fibrinogen, 
commercially 
available 



Cells contained in 



chamber 1 



2x10 5 -6y 10 6 



cells pr. ml 



Minus cells 



2 x 10 s - By 10 e 



cells Dr. ml 



Minus cells 



Fibrinogen, 
commercially 
available 



At a concentrattnn 
rate corre sponding 
to the amount used 
in commercial 
Fibrinogen 
products 

At a concentration 
rate corresponding 
to the amount used 
in commercial 
Fibrinogen 
products 



2x10 5 -fiv m 6 
cells pr. mj 



Cells 

contained in 
chamber 2 



Minus cells 



2x10 5 -6y 



Range of 
ingredients in 
chamber 2 
*Thrombin 
(any orioine) 



0.5 lUto mnn 



lU/ml and 



CaCl 



^Thrombin 



10 6 cells or. ml 



Minus cells 



2X 10 5 -fiy 



10 6 cells or ml 



Vlinus cells 



Minus cells 



2x10 5 -6y 



10 6 cells pr. ml 



(any orig ine) 
0.5 iu to mnn 
lU/ml and 
CaCk 
*Thrombin 
(any orioine) 
0.5 lUtomnn 



lU/ml and 
CaCk 



*Thrombin 
(anv< 



' orioine^ 



0.5 IU to mnn 
JU/ml and 
CaCk 

^Thrombin 



(any orioine) 



0.5 lUto mnn 



iU/ml and 



^Thrombin 



fanv orig ine) 



0.5 lUto mnn 
IU/ml and 



CaCU 



WO 2004/110512 

PCT/DK2004/00040S 

7 

Thrombin of any origine oould be from any species, ba recombinant, or be prepay aa a 
papt.de from thrombin, which haa the oapabiiity to induce coaguiaUon or oeiation; in some 
cases ap ro „n,n Is added aa in commercial combinationa such aa corresponding to Tisseel 
or ,n Benplast Calcium chloride ia added in the amount for instance used In commercial 

TZ T NOnma " y ' C ° ncentraton <*««"**> used is from about 0.5 to about 10 
IU, although ,n some commercial kit the concentration of thrombin is 1000 IU or more. 

Aa mentioned above, the cella are applied to the defect substantially simultaneously 
preferably simultaneously, w«h a support material. The application of such e support 

10 matenal ,s necessary as celia applied In e.g. a liquid aa described above may no, adhere 
to the surface of the defect and accordingly, other means may be provided in order to 
ensure hat the cells are contacted with or held in proximity to the defect. The support 
matenal is a materia, fha, is capable of coagulating or solidifying upon appilcalon ,o the 
defect In a preferred embodiment the coagulation, solidification or gelling Is brought about 

. 5 by contact me support materia, with thrombin or a thrombin-llke materia, optionally in 
the presence of ions like e.g. calcium or magnesium ions. Thus, the support material 
should - when ft haa solidified * * . funcUon as . Ught ^ ^ ^ 
adhere to me defect or me target area and should enable the cells «o be maintained a, the 

20 throughout the whole soiidifled or coagulated support materia,. I.e. the cells ara prasen, in 
mu payers ,n the detected araa. Accordingly, i, is possibie to apply an amount I cells 
that s substen„ally higher than if only me surface of the detect should be covered with a 
angle .layer o, cells. Furfl™, the cover has me function of pratecflng the treated 
detect or target araa from the influence from the local environment. An additional layer of 

c" J "tr 9 ^ *« <— «» gating ce,support materia, 
cou d be as descnbed ,n acme of me examp,es ba,ow, be even commercial available 
flbnn eaianfe such as for Instance Tissee, (Baxter) and/or Beripias, (AventisBahring, in 

z sea,in9 mer over ,he -~ - * — * 

30 

,n genera,, the supporting material In which the cells are mixed or dispersed Is typically a 
coagulatmg. adhering, binding, gelating /or a saatan, product. The supporting mVteria, 
may be diluted w«h a suftable medium before applicaflon through a suTtabie It to me 
defer. or target area. The composition comprising the support material may contain 

IT TT' S " e " brin ' °°" a9en ^ '■ '"• ° r "* - ** together 
wrth ,nsu r, Grawm Factor (IGF) and/or other gnowfl, factors. Compositions used as 

coltagen All that may be administered as a solution a, present, are those, marketed such 
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as gelatine collagen type III, collagen type I, ro „agen type II (under developmen, by 
Rbrogan, California) as well as short ohaln collagans ( some of thasa arer commerllly 

uTp "i Th ; °T a,in9 inducer be as p ~ y — «- ~ " 

uppar labia, thromb.n ,n ona or anothar form. Within tha araa of blood produots for 
5 coagulation i, wouk, ba any flbrogon (any spaces, bu. praforrably human in one or 
another orm). pure or no. punned (containing other proteins such as for instance those 
pre«e,ns _ ha, are part of «he oyopreapkate); thrambin or any „ ^ 

zt: 9, or 9ela " n9 indudn9 ~* a " ,hoss used ,or - p-p- - - ™ 1 

I. is important ,ha, me two dmeren, liquids [i.e. i, the medium with cells, and ii) me 
companion comprising the supporting materia,, are applied substantia,* a, the same 

matena, ,nto the defect or targe, area and ensure an even distribution of the cells In tha 
15 : ~aria, be , ore „ so|idmes Qr A|ternat ^ y ^ add J ^ e u ,d 

or gas. may be applied (e.g. also via the arthroscope) instead. 

w«n iTurr^T 365 ° f imP ' an,a,i0n ° f °* -uitaneoualy 

w*, a supporting matenal, into which the cells are mixed during tha application - in the 
20 M part of the invention - performed either under a ft* cove, using he genere, sl ge o, 
an arthrescope where a fluid is used to keep the Join, open for visuaLion or a a 
second par, of «he Invenlon a,so in a combined w«h an arthroscope, whlZrevL a 
certain pressure o, guided s,eri,e air or sllgh, Posi«ve pressure ,o hefc me surgZ 
v,sua„ze ha area undar baa,men,, such as for Instance used In omer endosco^- for 

st: s : n r mi t exams ' *• where a,r * suppiw — * — > ~ - 

as for mstance a combination of atmospheric air combined with CO, In a concentre,™ 
we,, tolerated by me mixed collating support materia,. In «s JZ^Z 

^ p,aoed under the a,r pocke,. where the pressure may be around 20 - 30 mm Hg. 

mlri^ T„* ,nV6n " 0n ^ t0 3 la/er °' 3 C ° a9Ula,ln 9 «*— (-PPor, 
matenal) which ,s applied under either the fluid or under me inflated al, - ,h s support 

matena, ,s in itee,f cali-free bu, ,s mixed w«h me ceiia /„ sltu be fo re „ solidifles 

35 The miokness o, me solidified layer depends on the size of the defec and me particular 
an,mal speo.es. For humans, me thickness is generally 2-6 mm. 
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This first part of the Invention concerns the utilization of the presence of fluid the 
possibility of changing the pressure of fluid in the Join, (and possibly sterile air pressure, 
during . arthroscopic^ or endoscopic*,* guided procedure combined with controlling 
«he ,mp,anta,,on of a liquid substance, mixed with cells, for instance such as chondrocytes 
5 for the re pa,r of cartilage defects, by uMzing fhe p re ssure te Keep me support nCaTt 
■nstance m,xed wflh oeils in piaca, for instence a, the bottom of a cartHageU^ 7 
areas of terge., while the materia, admixed with cells- or wfthou, the ce, s ma las, sce ne i o 
may happen, when an extra layer of covering fibrin or other non ceH containing aTnU 
Piece over the cei.support coagutate. Co, or ga,. This method uflilzes ,he d m rlZ l 

ZZ t T SUPP ° rt ma,eria ' *° ~ «»* " - « « - 

detec, ,n orcter te v,sua te e ,he defec, (fluid cover) and „) , he medium used te appiy ,he 

support matena, v,a the arthmscope. The support materia, is chosen so ma, ,, stifles or 
3* ^ adh6re ,0 - "*"* in 1* of ,he presence of me Au,d used 1 



15 



Apphcabon of a pressure controls me locateation of a composition comprising me support 
matena, wrthout mbdng wHh ,he fluid cover, in Cher words, me support maten^or he 
compose comprisirig ,he support materia, is no, soluble In me adjacen, fluid plan, in 
<he ; o,n,during me app„ca,,on. i.e. me support materia, win be maintained n me 
20 apphcabon area (e.g. the bottom of a join,) where „ soiidifles and adheres ,o ,he 

apphcabon area. The simuflaneous app»caflon o„he cells enables me supporting materia, 
te .corporate or envelope ma celis so ma, me cells are maintained a, me appe al 
as we,, The ce„s win wimin me nex, 48 hours or tenger start ,o produce matrix 

25 !r rr 1 mis ma,rix wi " even,uai,y b ° ,h aw ,o ■» a <"~ — on be «. 

25 adheren, cartttage ma,rix, and me support materia, wi„ mos, probabfy be absomad afte r a 
shorter or longer lime interval, eventually. aosoroea, after a 

This method combining ma presence of fluid or increased pressure, altemaflvely as a 
posiflve pressure (when compared ,o ,he pressure in me Join,,, provides suZn, 
30 v*ua„sa on for ,he surgeon ,o perfomt me appiicaflon of ,he celf/support materia me 
bnn seaian, materia, (for instance commercia, preduc,,, conta,n,ng no ce„s, bu, 
overtayenng me ce,,support materia, preve„,,ng ,he app,iad materia, from ,ea k ,ng ,n,o ,ha 
jo* me decrease ,n me pressure and/or the remove, of me pressure, when the 

35 noT,T , an<l adhBren0e " SUfflCien ' '° h ° ld * he imP ' ant **« I. a 
35 nove, technotagy, white app,y,ng me substance wi«h - or wimou, ce,ls. and te alter L 

pressure of me fluid (or flalrgas is used ,o a,ter,he pressure ofme gas, as nt 
wfhou, exceeding a pressure ma, wou,d endanger imp,an,ed ce„s. The MflyTcel 
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fibrins to allow proliferation and migration of chondrocytes is described by Mats Brittberg 
as described above. However, this procedure done by Brittberg, is not performed as a 
"two phase" system, e.g. under fluid or gas used for visualization. 

5 Another aspect of the invention is that the methcd described comprising p.acing a cel. 
mixed in a supporting material under fluid or under air pressure also may be used for 
application of more than one cell type such as chondrogenic cells 
(chondrocytes/chondroblasts or other chondrogene ceHs) and osteogenic cells such as 
osteoblasts, osteocytes, or other cells, etc. in order to enable a two step procedure 
10 where the bottom part of an osteoarthritic lesion, for instance, initially is treated with a mix 
of osteogenic cells and supporting material performed under fluid and/or under air 
pressure, - next a mix of chondrogenic cells and supporting material are layered over the 
first cell/supporting material (layer 1 ) - under fluid and/or air pressure. 

1 5 Yet another aspect of the inventions is to deliver a hydroxy, apatite granulate (e.g., Bio- 
Oss, Geistlich Biomaterials, Wolhusen, Switzerland) either containing cultured osteogenic 
ceNs or delivered together with osteogenic cells - all in a mixture applied instantly together 
with supporting material under fluid and/or under air pressure in a defect such as an 
osteoarthritic defect in a joint. Next, at layer of a mixture of chondrogenic cells/supporting 

20 matena. is layered over the bottom layer consisting of hydroxyl apatite granulate. 

In any the above described parts of the invention in which a mixture of cells and suitable 
supporting material, or cells, hydroxyapatite, and supporting materia, is placed - for 
instance during or via arthroscopic intervention, a cover layer is a ce.l-free layer of fibrin 
25 as for instance Tisseel® biologica. glue (in which the chondrocytes for instance will not 
m.grate into, which in this case will coagulate with little or no cells in the upper covering 
ayer - wH. be p.aced. Both during the presence of positive pressure in the Joint or without 
the positive pressure, as .ong as the surgeon has substantia, overview over the area 
where he is applying the sealent. 

30 

The cover layer of either fibrin such as the Tisseel® comport, may be mixed with another 
protein (e.g., collagen (for instance collagen type I) as a soluble substance mixed with 
fibnn or with Tisseel®, in order to strengthen the cover which will face the surface of the 
joint tangential to the surrounding healthy cartilage. This may be done during arthroscopy 
33 for instance under fluid or air pressure. 

The cover may also be a membrane, out to the sire of the defeot (e.g.. a collagen type l/NI 
membrane) with the side, faclng.the oellfcbagulation support material, ooated with a fresh 



WO 2004/110512 „ 

PCT/DK2004/000408 

11 

highly concentrated homologous or supporting material or with fresh Tisseel®, in order to 
prevent the cell/coagulation support material to allow cells into the cover, and at the same 
time fasten to the cell/coagulation support material. The membrane may also by itself 
adhere to the cell/coagulation support material. 

5 

When using an arthroscopic method It is therefore necessary to be capable of performing 
apphcat.on of chondrocytes such as autologous chondrocytes together with a support 
material, where one is able to control the application of the chondrocytes in a support 
material that will remain (adhere) to the area in which the cells shall be kept, in spite of the 
10 presence of (sterile) physiological saline or nutrient medium in the joint, due to the use of 
an arthroscope as guidance for performing autologous chondrocyte implantation. 

The method developed by the present inventor is considered novel, due to the new 
concept of placing a chondrocyte-containing substance at a controlled area in for instance 

1 5 a cartilage defect, such as a chondral defect, an osteochondral defect, or even when 
applying cells such as osteoblasts/osteocytes in a substance such as for instance 
hydroxyl-apatite, as a thin bottom layer in a joint suffering from osteoarthritis, and 
thereafter being able to apply a second layer of chondrocyte/substance as well as when 
apply.ng cells through an endoscopic procedure to a target organ or target area, such as 

20 for instance liver, heart, etc. The substance shall be of a nature that at the same time is 
not toxic to the cells, and in case of chondrocytes, the substance applied under fluid shall 
not be toxic to the chondrocytes or may even be promoting chondrocyte in- growth and/or 
in a maturation stage in which the cell also produces the matrix structure, that ends up 
being the new cartilage. 

25 

Different concentration levels of the suitable support material used for the mixture and 
var.at.on of the coagulation, adhering, and/or gelating time as well as variation of the 
volume and concentration of cells to be mixed with the supporting material is part of this 
.nvention. Furthermore, cells and/or the supporting material may be mixed with adequate 
30 growth factors such as for instance. IGF-1 , which may help maintain differentiated 

chondrocyte morphology in fibrin (Fortier, LA, et al., Am. J. Vet. Res. 2002 63(2) 301- 
305). 1 ' 



35 



As described above an integral part of the invention is also to create a the above 
described cover either as a surface of fibrin or of Tisseel® or one of these agents applied 
together with another protein which may make a smooth surface with a relative stronger 
tensile strength (such as for instance soluble collagen), or possibly mixed with various 
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constituents, such as for instance soluble collagen, and other substances providing a 
smooth surface of the repaired cartilage area, etc. by creating a spreading outlet that 
when in use will enable the surgeon to apply the fibrin to a convex or a concave joint ' 
surface, in which there is a defect as shown in the following figure. During the arthroscopy 
5 a temporary perforated membrane may be placed stretching over the surface of the 
cartilage, lining and limiting the fibrin/cell mix and fibrin cover, when injected below the 
flud or below an air pressure. The membrane shall be easily permeable for fluid used (or 
air inflated) during the arthroscopy. The membrane is then removed from one of the 
.ncisions when the fibrin/cell mix and the fibrin cover are coagulated in place 



Other aspects of the invention appear from the following items and the appended claims 
Whenever relevant, the details and particulars described herein apply mutatis mutandis to 
these aspects. 

15 More specifically, the invention relates to the following items:. 

1 . An endoscopic method for treating cartilage or bone defects in an animal, said method 
comprising the steps of: 

20 i) identifying the position of the defect, 

ii) applying cells selected from the group consisting of chondrocytes, chondroblasts 
osteocytes and osteoblasts and combinations thereof into the cartilage or bone defect. 



25 



2. A method.according to item 1 for arthroscopic or endoscopic implantation of 
homologous or autologous cells into a defect of an animal body, the method comprising 

i) arthroscopic or endoscopic application of a fluid to a cavity or surface containing the 
defect 

30 and the steps of 

ii) application of the cells to the defect substantially simultaneously with a support 
material, the application being performed at the defect covered by the fluid, 

Hi) mixing of the cells and the supporting material, 

iv) solidification of the supporting material so that'the defect is covered by a mixture of 
35 cells and support material without any significant amount of fluid and 

v) optionally, removal of the fluid from the cavity or surface by drainage or suction 
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3. A method according to item 2, wherein step i) is prior to steps ii)-v). 

4. A method according to item 2, wherein the application of the fluid in step i) is 
substantially simultaneously to the application of the cells in step ii) and the supporting 

5 medium in step Hi). 

5. A method according to item 4, wherein the fluid is a gas. 

6. A method according to any of the preceding items, wherein the animal is a mammal 
10 such as a human. 

7. A method according to any of the preceding items, wherein the defect is a joint or bone 
defect. 

15 8. A method according to item 7, wherein the defect is a cartilage defect. 

9. A method according to the any of the preceding items, wherein the cells are of suitable 
engine for targeting a suitable tissue, where the visualization is done by an endoscope. 

20 1 0. A method according to any of the preceding items, wherein the cells are chondrocytes 
osteocytes or osteoblasts. 

11. A method according to item 10, wherein the cells are chondrocytes. 

25 12. A method according to any of the preceding items, wherein the cells are homologous 
and/or autologous chondrocytes. 

13. A method according to any of items 2, 3, 5-12, wherein the fluid in step i) is a iiquid. 

30 14. A method according to item 13, wherein the liquid is a physiologically acceptable 

aqueous medium selected from the group consisting of sodium chloride solution, Ringer's 
solution, a cell culture medium, a cell friendly liquid and the like . 



15. A method according to any items 2-14, wherein the support material in step ii) fe 
35 selected from the group consisting of soluble collagens, fibrinogens and aprotinins. 

16. A method according to item 15, wherein the support material is applied in the form of 
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17. A method according to item 16, wherein the aqueous composition further comprises 
one or more adhesion-promoting agents and/or one ore more physio.ogicaily acceptab.e 

5 ions such as calcium or magnesium ions. 

18. A method according to any of the preceding items, wherein the celis in step ii) are 
applied in the form of a cell suspension. 

10 19 A method according ,o „em 18, wherein me cells are suspended in a suitable medium 
such as, e.g„ a suitable grow*, medium optionally comprising one or more growth factors. 

20. A method according to item 18 or 19, whe-ein the cel, suspension further comprises 
one or more coagulating components that Initiates the solidification of the support materia, 

15 upon contact between the support materia, and the coagulating component. 

21. A method according to any of items 18-20, wherein the cell suspension further 
comprises one or more adhesion-promoting agents and/or one or more physiologically 
acceptable ions such as calcium or magnesium ions 

20 

2Z A melhod according to item 20 or 21, wherein the coagulating component is thrombin 
or a thrombin-like component. 

23. A method according to any of Items 2-22. wherein the solidification of the support 
25 matenal ,s a result of an interaction between the support material and trombin or a 

trembin-iike cemponen. and the solidification envelopes the cells in the solidified material. 

24. A method according to item 18 or 19, wherein the cell suspension comprises the 

25. A method according to any of items 2-23. wherein the mixing of the cells with the 
support material In step Hi) is performed by application .he support materia, and/or the 
cells under a positive pressure. 
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26. A method according to item 24, wherein the suspension comprising the cells and the 
support materia, is mixed with the coagulating agent by application of the solution 
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containing the coagulating agent under a positive pressure. 
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27. A kit for use in a method defined in any of the preceding items, the kit comprises two 
separate containers, the first container comprising the cells and the second container 

5 comprising the support material. 

28. A method according to item 27, wherein the cells in the first container are in the form 
of a cell suspension. 

10 29. A kit according to item 28, wherein the cells are suspended in a suitable medium such 
as, e.g., a suitable growth medium optionally comprising one or more growth factors. 

30. A kit according to item 28 or 29, wherein the cell suspension further comprises one or 
more coagulating components that initiates the solidification of the support material upon 

1 5 contact between the support material and the coagulating component. 

31. A kit according to any of items 28-30, wherein the cell suspension further comprises 
one or more adhesion-promoting agents and/or one or more physiologically acceptable 
ions such as calcium or magnesium ions. 

20 

32. A kit according to item 30 or 31, wherein the coagulating component is thrombin or a 
thrombin-like component. 

33. A kit according to any of items 27-32 further comprising a third container comprising a 
25 coagulating component. 

34. A kit for use in a method defined in any of the preceding items, the kit comprises two 
separate containers, the first container comprising the cells and the second container 
comprising a coagulating agent. 
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35. A kit according to item 34, wherein the first container comprises the support material. 

36. A kit according to item 34 or 35 further comprising a third container comprising the 
support material. 

37. A kit according to any of items 27-36, wherein the kit is in the form of a syringe 
containing two seperate chambers,, the first chamber containing the cells and the second 
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chamber containing the support material or a coagulating agent. 

38. A kit according to Item 37, wherein the syringe is a Twin syringe or the like. 

5 39. A kit according to any of items 27-38 further comprising instructions for use of the kit. 

40. A method according to any of items 1-26 further comprising application of hydroxy 
apatite e.g. in the form of a hydroxy apatite granulate. 

10 41. Use of hydroxy apatite as culturing medium for cells such as osteoblasts/osteocytes. 

42. Use of collagen solutions as culturing medium for the cells to be arthroscopically 
transplanted. 

1 5 43. Use of collagen solutions as culturing medium for the cells to be endoscopically 
transplanted. 



The following examples are intended to illustrate the invention without limiting the scope in 
anyway. 
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Examples 
Example 1 

A joint derived from an animal, such as for instance a knee joint from a pig or a horse or 
other animals are subjected to arthroscopy and fluid such as 0.9<>/ o sterile saline or a gas 
25 m filling up the joint to visualize the area targeted for the arthroscopic repair of the area as 
for instance a cartilage defect in order to enable the application of the supporting material 
m,xed with the cells in such a manner that the cell/supporting material does not mix with 
the fluid or gas applied via the arthroscopy and with a retained capability to adhere to the 
target area. 

30 

Alternatively, the cells and or the cells mixed or grown in a hydroxy-apatite suspension 
(e.g., B.o-Oss), may be delivered through the syringe, and be mixed at the outlet of the 
syringe into the area to be treated. 

35 Example 2 

In this example, the support material may be placed - under pressure from the other 
hquid, prior to the implantation of the cells. In this case, the supporting material may be 
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Placed be,ow the other liquid for instance kept in p.ace by the pressure exerted via the 
arthroscope until solidification. The ceils are then injected at any time after the piacement 

1 th T SU rt " 8fter ^ S ° lidlfiCati0n ^ b * *^ the ce 

^ into the supportmg material kept in place by the fluid pressure. 

Example 3 

r::r„ itr chondrocyte impianta,i °- p — ■ — - 

10 First surgical arthroscopic Intervention 

F^e goats a re used for the p^iinical Ida,. The goats a re subjected to two (2) surgical 

from he Knee of Ihe goats. The goats are Kept a. an ap Pro ved anima, facility a, Aalborg 

1 5 a r~; T, FO " owin9 anass,hes,a ' arthrosoow is ~ * 
T^ZTTT™ Blrouflh a sma " inois,on - Two w— 

are prepared on .he med,a, and .he latere, side of me knee. Using an elevator, a 60-200 
mg sieges removed by a sha* elevator, and asepfically transfer^ .o a Transport 
tube con.a,n,ng stente Dulbecco MEM/F12 and feta, caKsenjm. Using a punching 

20 or* h i ' . , 6 OT <diamS,er) ° lrCUlar ,U " '-.on 1 made, to be used 

^eZ^, 0 ,l 0, T 3 " 5WeekS,a,er - The "^— PO^fom^aceB,:^ 
A/S research cell laboratory and Is subjected to culturing from explants. 

Second surgical arthroscopic Intervention 

When .he chondrocyte cultere has been expended to between 4 and ,0 million of cells 
25 wh,ch normaiiy takes 3 - 5 weeks, the cells era returned to me anlma, a 
Twm-synnge, toge.her wfih a solution of human recombinant coiiagen lype Ml p^a 
compound such as for instence additon of short collagen fibers in one cham e of he 
Wsynnge, (short coliagan fibers, which has no detrimente, effect on J^ JL 

30 2 1 "IT" m ' X6d 0011396,1 9e ' S ' h ^ *» — P~,«el 
30 00 to 000 tapes greater compared to when me component only is collagen type II, 
(wrthou, shod collagen fibers, (Ref. Gemieman E, Nauman, EA, Dee KC and Uves GA 
Tissue Eng. (2004) ,0<«>:42, - 427, and which according iimite any possib " ' 

ZmbtT 77 ^ re00mbinan, °°" aflen (Whe " *"* — «* - cells plus 
Ihromb.n (and caicum dodde from me other chamber of me Twin syringe). The other 
35 chamber of me Twin-sydnge conteins mrombin (and CaCy with a L iLelZ* 
rang, ng ro , . 10 „,„, „„ ^ A ^ ^ ^ ^ rf ^ ^ 

me another „ne from .he ofi,er synnge chamber. A blun, needle/catheter a, a ^ 0, ,^ 



WO 2004/110512 

PCT/DK2004/000408 

18 

is connected to the two lines, so that the mixture containing collagen mixture is mixed with 
the thrombin and cells when passing through the needle/catheter. The blunt end of the 
needle/catheter is let - guided by the arthroscope through one of the incisions made for 
surgical manipulation - to the punched out 0.6 cm (diameter) cartilage defect. 
5 The 0,6 cm previously punched out cartilage defect is filled with the collagen mixture - 
thrombin/cell mixture, which coagulates within 30 to 180 seconds, all depending upon the 
relative concentration of component involved in the coagulation. 

Using another Twin-syringe cell-free fibrin glue or fibrin sealant either as Tisseel (Baxter, 
10 Austria), or as Beriplast either in the form of Pantaject® or in the form of Spray-Set 
(Berijet®), both from Aventis-Behring, is immediately after the application of the cell 
mixture, applied thoroughly covering the coagulating cell mixture in the defect. The 
sealant is then allowed to coagulate and the incisions closed. After having completed the 
second surgical arthroscopic intervention the goat is bandaged (post-operatively) in order 
to avoid that the cartilage transplant (implant) is torn apart by maximum flexion of the knee 
joint. 



15 
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The goat is then subjected to arthroscopic control of the repaired cartilage defect 1 to 2 
months after the last arthroscopic treatment. After 6 months post the arthroscopic 
treatment, the animal is anesthesized and the knee, repaired with the arthroscopic 
chondrocyte implantation. The lesion will be inspected by the orthopedic surgeon, 
pictures, videos, taken, densitometric measurement done, and the "treated" area will be 
harvested and subjected to histological, histochemical, and immune histochemcial 
analysis. 

Example 4 

Arthroscopic Autologous Chondrocyte Implantation, Pre-clinlcal, without second 
fibrin sealant 

First surgical arhtroscopic intervention 

30 Five goats are used for the pre-clinical trial. The goats are subjected to two (2) surgical 
interventions. The first surgical intervention consists of an arthroscopic harvest of cartilage 
biopsy from the knee of the goats. The goats are kept at an approved animal facility at 
Aalborg Sygehus Syd, Denmark. Following anaesthesia, arthroscopy is performed by 
either a antero-medial or anterolateral entrance through a small incision. Two additional 

35 incisions are prepared on the medial and the lateral side of the knee. Using an elevator, a 
50-200 mg cartilage is removed by a sharp elevator, and aseptically transferred to a 
Transport tube containing sterile Dulbecco MEM/F12 and fetal calf serum. Using a 



10 



15 



20 



25 



WO 2004/110512 

PCT/DK2004/000408 

19 

r^XT m T' m (d,amet ^^'<"» «*— MM lesion is m ade, «o 
be used for the .mplantation of cells 3-5 weeks later. The biopsy is transported to 
interface Biotech A/S research cell laboratory and is subjected to cultunng from expiante. 

5 Second surgical arthroscopic Intervention 

When the chondrocyte culture has been expanded to between 4 and 10 million of cells 
which nomnaliy takes 3 - 5 weeks, the celfe are returned .0 the anlma, facility pac jd Tn a 
Twin-synnge, together with a solution of human recombinant collagen type Hi plus a 
compound such as for instance addition o, shod collagen floors in one chamber o, the 

all h i T 96 " ^ "° d6 ' nmSntal ^ °" « <>— • 

Too T IT m ^ ^ 8SlS ' ^ dem °~ Permeab„,«es fhatwere 
00 to 000 tmes greater compared to when the component only is collagen type III 
(wtthou, short collagen fibers, (Re, Gentleman E, Nauman, EA, Dee KC and tLa GA 
T.ssue Eng. ,2004) 10(3-4,:421 - 427, and which accordingly iimite any possible 

Zlh 7 T 5 ! 0 . ^ "* re00mb ' nan, C °" a9Sn (Whe " *"* ^ «* <»° ««s Plus 
mnxnb.n (and calcum clortde from «he other chamber of me Twin syrtnge,. The oL 

camber of the Twin-syringe contains thrombin (and CaC W wi,h a cel, IcenfratW 

I Z, r 10 mi '" 0n A ' he " P " ™ ™necte 1 

^ another „ne from the outer syringe chamber. A biun. needle/catheter a, a sfce of 18 go 

the rombtn and cells when passing through the needle/cathete, The blun, end of J 
needte/catheter is ,e, - guided by me arfhroscope m rou gh one of the Incisions ma e for 
surg,ca, manipulation - to the punched ou, 0.6 cm (diameter, cartilage defect. 

The 0 6 cm previously punched out cartilage defect Is filled with the collagen mixture - 
^.n/cel, mature, which coagulates within 30 ,o 180 seconds. a„ depending upon me 
relauve concen.ra„on of component involved in the coagulation. No second sealant is 



30 After having completed the second surgical arthroscopic intervention the goal is bandaged 
(post^perakvely, in otder to avoid that the cartilage franspten, (impiant, , torn apart hy 
maximum flexion of the knee joint ' apart oy 

The goat is then subjected to arthroscopic confrol of the repaired cartilage defect 1 ,o 2 
35 months after me las, arthroscopic treatment After 8 months pos, me arthroscopic 
treatment me animal is anesthesia and the knee, repaid with me arthroscopic 
chondrocyte implantation. The lesion wil, be inspected by the orthopedic surgeon 
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Pictures videos, taken, densitometnc measurement done, and the "treated" area wi„ be 
ST " SUbj6Cted t0 h^St0,09iCa, ' hlStOChemiCa '' ^ ^ ~mcia, 
5 Example 5 

Arthroscopic Autologous Chondrocyte .mplanlatton, using ,he fibrlnooen-thrombin 
approach; Pro-clinica. Mal . combined w,«h second nbrin se„an. 

First surgical arthroscopic Intervention 

10 Ffce goats are used for the panics, Wal. The goats are subjected to two (2, surgical 
intervenes. The flro, surgical intervene consist of an arthroscopic harves Z" L 
biopsy from the knee of the goats. The qoats am Kent „ <»™»8» 

AaltornW„.« Jn megoatsare kept at an approved animal facility at 

Aatoorg Sygehus Syd, Denmark. Following anaesthesia, arthroscopy is performed by 
e,«her a anterc-roedia, or antero-iatero, enlronce through a small IncL Two^L, 

15 ™ aro prepared on me media, and ,he lateral side o, me knee. Using an eZtor a 
50-200 mg cartiiage Is removed by a sharp elevato, and asepticai* hansfldtT 
Transport lube containing sterile Dulbecco MEM/F12 and fetal calf serum. Using a 
Plunger, a 0.6 cm (diameter) circular ful, thickness cartilage lesion is prepared for later use 
a, he ,me of the cel, uansplantaaon (Implanon o, cells, after 3 - 5 weeks ^ 
20 ,s Reported to Inlertace Bloiech A/S rosearch cei, laboratory and is subjected 
cultunng from explants. 
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Second surgical arthroscopic Intervention 

When ,he chondrocyte culture has been expanded to between 1 and 10 million of calls 
which normally lakes 3 - 5 weeks, ihe cells are returned to the anlma, facility JLZ in a 
Tw,n-synnge, together with a solution offlbrinogen in one chamber with a Z, 
concern of, - 10 million celis in 0.5 cc of me flbrinogen solution. The other chamber 
of me TWynnge contains Ihrombin (and CaC«. Alternatively, the fibrinogen solution* 

other l,ne from the other syringe chamber. A needle/catheter at a si Z e of 18 gg ls 

ZTt 10 IT " neS ' 80 ■* *• COntaini " 9 «* a " d <™"°3-l "ixed 

w* me Ihrombm when passing through the needie/catheter. The biun. and of .fT 

needle/catheter ,s ,e. - guided by me arthroscope through one of ,ha incisions made for 
surg,cal manipulalion - to the punched 0.6 cm (diameter) defect 
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The 0.6 cm previously punched cartilage defect is filled with the cell-fibrinogen - thrombin 
mixture, or, alternatively with the fibrinogen - thrombin/cell mixture, which coagulates 
within 30 to 1 80 seconds. 

5 Using another Twin-syringe cell-free fibrin glue or fibrin sealant either as Tissee. (Baxter 
Austna), or as Beriplast either in the form of Pantaject® or in the form of Spray-Set 
(Benjet®), both from Aventis-Behring, is immediately after the application of the cell 
m.xture, applied thoroughly covering the coagulating cell mixture in the defect The 
sealant is then allowed to coagulate and the incisions closed. After having completed the 
second surgical arthroscopic intervention the goat is bandaged (post-operativeiy) in order 
to avoid that the carti.age transplant (implant) is torn apart by maximum flexion of the knee 



15 



The goat is then subjected to arthroscopic control of the repaired cartilage defect 1 to 2 
months after the last arthroscopic treatment. After 6 months post the arthroscopic 
treatment, the animal is anesthesized and the knee, repaired with the arthroscopic 
chondrocyte implantation. The lesion wi.| be inspected by the orthopedic surgeon 
pictures, videos, taken, densitometry measurement done, and the treated" area will be 
harvested and subjected to histological, histochemical, and immune histochemcial 
20 analysis. 

Example 6 

Arthroscopic Autologous Chondrocyte Implantation, using the fibrinogen-thrombin 
approach; Pre-clinical trial, without second fibrin sealant 
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First surgical arthroscopic intervention 

Five goats are used for the pre-clinical trial. The goats are subjected to two (2) surgical 
■nterventions. The first surgical intervention consists of an arthroscopic harvest of cartilage 
biopsy from the knee of the goats. The goats are kept at an approved animal facility at 
30 Aalborg Sygehus Syd, Denmark. Following anaesthesia, arthroscopy is performed by 
either a antero-medial or anterolateral entrance through a small incision. Two additional 

l ~ PrSPared ° n the media ' and the ,ateral side of the knee. Using an elevator a 
50-200 mg cartilage is removed by a sharp elevator, and aseptically transferred to a 
Transport tube containing sterile Dulbecco MEM/F12 and fetal calf serum. Using a 
35 plunger, a 0.6 cm (diameter) circular full thickness carti.age lesion is prepared for later use 
at the time of the cell transplantation (implantation of cells) after 3 - 5 weeks. The biopsy 
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is transported to Interface Biotech A/S research cell laboratory and is subjected to 
culturing from explants. 

Second surgical arthroscopic intervention 

5 When the chondrocyte culture has been expanded to between 1 and 10 million of cells 
wh,ch normally takes 3 - 5 weeks, the cells are returned to the animal facility packed in a 
Twm-syringe, together with a solution of fibrinogen in one chamber with a cell 
concentration of 1 - 10 million cells in 0.5 cc of the fibrinogen solution. The other chamber 
of the Twin-syringe contains thrombin (and CaCI 2 ). Alternatively, the fibrinogen solution is 

10 ,n the first chamber and the cells may be combined with thrombin and ca.cium chloride in 
the other chamber chamber A line from the tip of one syringe chamber connects with the 
other line from the other syringe chamber. A needle/catheter at a size of 18 gg is 
connected to the two lines, so that the mixture containing cells and fibrinogen is mixed 
with the thrombin when passing through the needle/catheter. The blunt end of the 

15 needle/catheter is let - guided by the arthroscope through one of the incisions made for 
surg.cal manipulation - to the punched 0.6 cm (diameter) defect. 

The 0.6 cm previously punched cartilage defect is filled with the cell-fibrinogen - thrombin 
m,xture, or, alternatively with the fibrinogen - thrombin/cell mixture, which coagulate with 
20 30 to 180 seconds, depending upon the concentration of the individual coagulating 
components. 

After having completed the second surgical arthroscopic intervention the goat is bandaged 
(post-operatively) in order to avoid that the cartilage transplant (implant) is torn apart by 
25 maximum flexion of the knee joint. 

The goat is then subjected to arthroscopic control of the repaired cartilage defect 1 to 2 
months after the last arthroscopic treatment. After 6 months post the arthroscopic 
treatment, the animal is anesthesized and the knee, repaired with the arthroscopic 
30 chondrocyte implantation. The lesion will be inspected by the orthopedic surgeon 

P.ctures, videos, taken, densitometric measurement done, and the "treated" area will be 
harvested and subjected to histological, histochemical, and immune histochemcial 
analysis. 



